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Research uncer the purview of Contract ONR N6 225(46) has two general
directions. (1) the study of the mode of action of protein toxins, and (2)
the study of the mechanism of anaphylaxis, particularly with respect to the
process of sensitization. Under each heading we are prosecuting several
distinct problems which have been selected both for the theoretical implications
in immu-rochemistry and biochemistry as well as their practical applications to
human ecology and disease.

The following 1s an outline of the specific problems pursued this year:

I. TOXINS

A, Tetanus: In previous reports there have h.een presented detailed
accounts of the isolation and characterization of the non-spasmozenic
factor in tetanus toxin which produces an increased di:charge cf
miniature end plate potentials. This material had been isolated in
small quantities as a single antigen, and sufficient material was
available to carrv out determinations of molecular weight and a
tentative amino acid analysis. This year we concentrated our efforts
at improving the yield so that sufficient material could be available
for physical-chemical and biochemical characterization. Ultra-
centrifugal analyses of the best fraction available last year showed
the lethal fraction to have a Svedberg coefficient of 7 whereas the
most potent MEPP-fraction was associated with 4S particles. This
year, further preparative chromatographic sepzrations were made on
the MEPP~-rich starting material (Fraction IV}. Chromatography
on Sephadex G-20C gave 3 major peaks. The yields of repeated runs
were separately pooled on the basis of eluticn diagrams and each
pool was concentrated by pressure-dialysis. No appreciable MEPP
activity was found in the first 2 peaks; 1t appeared tco be concen-
trated in Peak I1I, which had no lethal activity. 7This peak had only
one antigenic determinant and gave a Svedberg coefficient of 2; but
all of the lethal toxicity of the parent was quantitatively recoverecd
in Peaks I and II which contained 5S and 45 molecules, respectively.
The MEPP matecrial accounted for only 7% of the total protein of the
starting material.

B. Streptolysin: Studies on the mode of cardiotoxic action of
Streptolysin O have shown that there is a double insult to the heart,
one of these is reversible, and is due lsrgely to the output of
acetylcholine, while the other appears tu be more severe and seers
to result from profound changes in cellular economy as exhibitad in
recent studies of the releasc of K2,

In appropriate concentrations the activated toxin causes a
transient decrease in the rate and amplitude of contraction of the
isolated atrium accompanied by an increase in the rate of repolariz-
ation of the atrial action potuntfal. The severity of che effects
depend upon the dose of toxin, and their nagnitude decreases with
succeeding cnallenges, suggesting that Streptolysin 0 may exert its
action on the isolated atria thrcugh the release cf an intermediate
from tissue stores. This year, detailed studies of the mode cf

x
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cardiotoxic actlon suggested that the curonotropic and inotropic
changes exhitited Ly the isolated atria when they were challenped
either 4in the presence of a blocking agent (ntropine) or in
the presence c¢f anti-cholinesterases (eserine or DFP) were due to
the release of acetyl holine. The electrical changes in single
atrial cells -~ increased resting potential, accelerated
repolarization, as well as the generally negative results observed
during ventricular impalements - were consistent with the acetylcholine
hypothesis. In spitc of the presence of powerful tissue cholinesterase:
sufficient quantities of materinl were obtained by incudbating large
numbers of challenged atria with toxiu to render pharmacological
identification of Ach unequivocal.

C. Sea Urchin Toxin: Th+ crude pedicellarial toxin of Tripneugtes
grutilla obrained from 1,000 specimens in 1945 and 2,000 specimens
during 1967 was variously fracticnated, and the fractions further
purified by chromatogranhy on Sepladex. The enzymological properties
of these ma’ :rials were studied with respect to toxin concentrarion,
substrate cuncentrotion, and temperature. The kinetics of the reaction
system with respect to whols plasma and to its pseudoglobulin fractions
are of ¢ coaplex ovder owing to (1) 'natural' kinin formation of
the substratre, (2) tc the inactivation of the reaction product
(and of synthetic bradyxinin) by the toxin, and {3) to the existence
of more thar one enzyme in *he "purified" material. Plots of first
order velocitv constents against the square of substrate concentraticn
vere linear suggesting the existence of substrate '"modifiers". Thke
dependence of reaction velocity on erzyme concentratica was not of
the classical type. The temperature optimum of the system was 26°C.

A study of the reactions of various Cohn fractions with more purifiecd
enzymes suggested that the substrate furnishing the kinin activity

on guinea ple tissues was ajs~globulin and conclusive proeof was
obtained in studies with immunnelectrcphoretically pure ajz-macroglobulir
Parallel assays on guvinea pig aac rat tissues suggested that the
substrate responsible for the oxytoecle effect in the rat, on the other
hand, i{s a @-glcbulin. Racbit antibodies, produced in response to
inoculations of formalin-toxoids in Freund's adjuvanc, gave normal
quantitative rracipitin curves with "active” antigens (or toxoids)

and they fixed complement. JImmunoelectrophoresis showed 2 major
antigers, the more immunogenic being concentrated in the 2/3 SAS
fraction while the other was present among the 1/3 SAS materials.
Biclogically. the antisera showed quantitative antitoxic action in
the ucuzl protection and neutralizatior tests in whole animals ss
well o3 on isolated tissues. Toxin-induced inhibition of active MHa
transport in the toad bladder was also neutralized by the antitoxin.

II. ANAPHYLAXIS

1. Rapweed: Evidence was obtained that rablit anti-ragweed conferrad
passive sensitivity on cardiac and intestinal tissues of the guinea
zlg., The degree of sensitization, estimated by histamine release, was
shown to depend on the [AD] in the bulk phase. For a constant degree
of sensitization the response to the whole antigen could be quantitat-
ively inhibited by the presence of a dialyzatle ragweed haptern

during challenge with the non-dlalyzable antigen.

2. Penicillin: Positive Schultz-Dale reactions were obtained to
penicilloyl poly-lysire in isolated guinea pig tissues sensitized with
rabbit antibodies to penicilluyl-rabtbit serum albumin (anti-Pen RSA)
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and to penicilloyl Rabbit y-globulin (anti-Peu RyG). The reaction
could be quantitatively blocked by e-aminocaproic acid and by the
penicilloyl derivative oi the condersation product between DAB

(1, 4-diaminobuiane) and fluorescein isothyocyanate. The eventual
aim of these stu:dies is to set conditions for the determination of
the kinetic behavior, binding affinities, and heterogeneity comstants

of "allergic" antibodies to penicillin by measurements of fluorescence
polarization.

3. DFPc Fraguwents: Quantitative reversed nassive sensitization with F
fragments of rabbit y-globulin was demonstiated in the <in vitro-
sensitized heart challenged with ovine antiserim prepared against
these fragments. The councentration of Fc fragments required to
produce 502 sensitization was found to be 0,07 mg/ml and the

liminal concentration was 3 x 10 “ mg/uml.

The following Progress Reports contain detailed accounts of
work on Sea Urchin Toxin and on Ragweed. It is expected that
slmilar details for Streptolysin and Tetanus will be presentecd

shortly as soon as the experiments now in progress have been
completed.
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INTRODUCTION

The present report deals principally with certain aspects of the
physical-chemical , pharmacological, snd immunochemical characteriatics
of the protein venom of the sea urchin, Tripneustes gratilla as well as
with accomplishments in two specific areas in which its point of attack
was experimentally restricted: its action as an enzyme, and its effectiveness
in producing changes in active tramnsport,

1. EXPLORATION

During the summer of 1966 Dr. Feigen and Dr. Terres made
several exploratory field trips to the Pacific coast between Half-Moon Bay,
on the north, to Santa Barbara in the South. The northern collections,
made at Half-Moon Bay. Pigeon Point, and Pacific Grove yielded only
S. purpurqtus and S. franoiecanus. Fifty specimens of each were
collected by diving at depths of 10-20 feet at Pigeon Point; thirty specimens
of S. purpuratus were collected off the rocks at low tide at Half-Moon Bay,
on the extreme seaward limit; virtually none was got at Pacific Grove
because of the great rumber of collectors using these materials in that
area; and fifty specimens of each were obtained in deep water around
Santa Barbara, as well as a few specimens of Lytechinus awmesus. We
are indebted to the Director of the Marine Laboratory at U.C.S.B.,
Professor John E. Cushing, for this courtesy. Neither purpuratus nor
francieoanus was found to have extractable venom. Lytechinus anamesus
was tentatively identified, on the basis of pharmacological tests, as
being acetylcholine or & kindred cholinergic substance.

Through the courtesy of Professor T. A. Rogers, Jirector of the
Pacific Bio-Medical Research Institute of the University of Hawaii,
Ur. Feigen and Dr. Terres spent three weeks of September 1966 at the
University Aquarium {n Honolulu. That laboratory served as a base of
operations for collecting, processing and concentrating venom. With

the aid of Mr. Roger Pfeffer, five diving expeditions beyond the reef
off Waikiki Beach netted 1050 specimens which were processed in the

Aquarium's laboratory. The crude protein was 1.7 grams of material

having a potency equivalent to 333 LDsq doses/mg when assayed on a
population of 20 gram mice.

II. CHEMICAL
Preparation of Crude Pedicellarial Proteins ef 7. gratilla

The method of extraction and preparation is given in the following
protocol for Collection IV.

Collection IV was made with Scuba e
from the underwater canyon of Coral Reef.
section of a line drawn between Diamond Hea

passed at right angles from the Royal Hawai
the 5-fathom contour,

quipment at a depth of 30 feet
The coordinates were the ianter-
d and Kevalo Basin, and that
ian Hotel - at approximately

I

bty
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The number of specimens collected was 359. The specimens were proceesec
in batches of 16 by beiug placed in a frame and washed with a strong sea
water spray. Larger material was retained by a fiber-glass screen and the
pedicellariae were caught in & stainless steel sicve having interstices of
125 microns. The conteats of the screen were transferred to 500 ml cylinders
and the pedicellariae separated from the detritus by elutriation wich sea
water. The elutriated pedicellariae were washed with sea water until the
washings became colorless.

1. The residues »f pedicellarise were collected and centrifuzed
for 30 wluutes at 500 rpm. The yicld was 55 ml of a gummy
psck. The cotal yield was homogeuized in a Waring Blendor
at 4°C with 260 m) of distilled wster.

2, The homogenate was centrifuged as zlove. The firet supernate
was removed and re-centrifuged at 1i% rpm for 2 hours at 4°C.

3. The clear supernate was dialyzed against phosphate buffer,
(u = 1/60) for 20 hourz at 2°C.

4. The residue of (2) was re-extracted with 200 ml of ice-cold
water, centrifuged and dialyzed as in (3)

5. The non~dialyzable extracts were dried from the frozen atate. :
The dialyzates were frozep and shipped to Stgnford, where !
they were pooled, redialyzed, lyophilized, and tested. :

6. The yield of non-dialyzable material from 359 animals for the :
first and second extractions is given in Table I.

7. The yields as well as certain physical-chemical and pharmaceloglc=
properties of both the dialyzable and non~-dialyzable crude
extracts of the 1966 toxin are given in Table II.

Fractionation of Crude Toxin on Sephadex

Our previous studies had established that the most rorxic fraction
which could be obtained by separation with ammonium sulfate was the one
precipitating in the presence of 65X salt eaturation. In the present czoe
a fractionation was attempted (by Dr. C. B. Alender) on Sephadex with the

entire yield of whole extract of 65 pedicellariae. The method of preparacicn
is exhibited in the flow sheet of Table I1I.

Three peaks were obteined and each fraction was precipitated with the
s0lid ammonium sulfate, dialyzed, and Fractions I and II were tested. The
toxicity of Praction III was so low as to be beyond the gtocks of the mat-
erial available and at 735 LDg¢/mg was as active a preparation as had been

cbtained in our experienca. Some of the characteristics of these fractions
¢re glven in Table 1V,

bt esatibralmr

st s’
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f S. puwrpurgtus by Ammonium Sulfate Fractionarinn

Iscviation of the Test Proteins

This study was undertaken to characterize the various protein components
of the tests of S, purpuratus for use in subsequent investigations of
immunochemical kinship. The present separations were made ou the sea water
horsgenates of 50 eviscerated specimens obtained in Santa Bartara. Ammonium
sul.late fractions were prepared in the usual way be sequential precipitation
with sclt and removal of material at each interval. As indicated in Table V,
the major bulk of precipitate was obtained in the presence of 50% saturation.

The materials to be used for subsequent antigeric analysis were
characterized by analytical ultracentrifugation, as these fractions corres-
ponded in physical properties to the toxins of 7. gratilla. From Table V
it is evident that the fraction precipltating at 2/3 saturation contained
mogt of the components of the cride material. The number of components was
greatly reduced as the fracticaation proceeded. None of the materials
tested was toxic to mice and none had an effect on the isolated tissues
of the guinea pig.

III. PHARMACOLOGICAL

A detailed pharmacological analysis of the action of sea urchin
toxin has just been published from this laboratory by Feigen, Sanz, and
Alender, [Toxiocon, 4:161-175, (1966)]. Some of the pertinent findings are
summarized in the succeeding paragraphs.

Direct tests with crude non-dialyzable preparations of sea urchin
toxin as well as with the fractions prepared by ammonium sulfate precipitation
induced prolonged contractiuns of the isolated guinea pig's ilewm in
proportion to the dose used. The response was not blocked with atropine,
only partially blocked with Pyribenzaming, blocked with various degrees with
D-bromolysergic acid and Mellaril, and completely blocked with phenyl-butazone.

A. Direct Actions: Since the direct exposure of gut strips to
toxin preparations often changed the tissues' sensitivity to histamine, studies
of the dose-response characteristics had to be made by exposing each strip
only once to a given concentration of the toxin. The dose-response curve,
obtained by pooling the data over a range of concentrations, obeyed the
usual logistic function, and this could be employed reliaoly to assess
changes in potency resulting from various physical and chemical treatuments.
Gentle heating of toxin reduced the magnitude and the slope of the dose-response
curve, showing that tha incubation of toxin for a constant time was inversely
dependent on its concentration; carboan treatment decreased the median
effective dose but increased the heterogeneity of the reesponse, and treatment
with ammonium sulfate as seen in Table VI, concentrated most of the activity
of the starting material in the fraction precipitating in the presence of
65 per cent saturated salt solution. The toxin was shown to release
dialyzable pharmaecologically active agente from ileal, pulmonary, and cardiac

c;so?en of the guinea pig as well as from colonic and pulmonary preparations
of .'2 rat.
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B. Release of Active Materials: ©Preliminary tests excluded
acetylcholine but suggested that histamine, as well as several other substances,
could be released by the reaction. Subsequent specific chemical analyses
confirmed the presence of histamine.

IEp T

The releauve of histamine by the isolated tissues was shown to be
quantitatively dependent upon the toxin concentration (Table VII), and the
temperature (Table VIII). Although none of the fractions was as potent as
the parent material, the preparation obtained in the presence of 65 per cent
saturated ammonium sulfate was the most potent histamine releaser among
the fractiong, being only slightly lees active than the starting material.

PR Ly~

IV. DMMUNOCHEMICAL

Studies on the immunochemical properties of sea urchin toxin were
initiated by the inoculation of 5 mg amounts of sea urchin toxin preparations,
nixed with complete Freund's adjuvant incramuscularly into rabbits. The
injection sites rapidly ulcerated and the animals shortly died from the
toxic effects of the preparations. Ismunization was then made with a crude
preparation of [SUT(64)] which had been toxoided with 0.01% formaldehyde.
Intramuscular injections were made with 1 mg amounts of [SUT(64)] in
complete Freund's adjuvant and the animals showed no 111 effects. Two
weeks later the rabbite were bled and the sera showed positive ring tests
when tested against [SUT(61)]. Immunocelectrophoresis showed that a single
precipitin line was formed between [SUT(61)] and the antigerum prepared
against [SUT(64)}]. The mobility of the antigenic determinant had the
character of that of serum a-globulin, migrating towards the anode from the
central agar well. Complement fixation tests, performed on the toxin-antitoxin

system, showed that [SUT(61)] fixed cowplement at a concentration of 0.01 mg/ml
when tested with the antiserum at a 1/4 dilutiom.

e LA Ao i) e DM Al N o et e

In finding that antibodies could be produced against the toxoid of
(SUT(64)], further studies were made in an attempt to isolate the responsible
antigen from the crude SUT Preparations. SUT(64~-2) was fractionated at 33,
65 and 100X satursted ammonium sulfate and the dialyzed products were
toxoided and injected into rabbits in the ssme manner as in the previous
experiments; crude SUT-66 was also injected in this way.

The reepective sera were harvested, and each homologous toxoid and anti-
toxoild serum showed positive riuog tests. Moreover, the crude toxin [SUT~1966)
showed positive ring tests with the sera prepared againet 23, 65, and 100%
saturated ammonium sulfate fractions of 64-2 as well as againsgt ics
eantigerum. Immunoelectrophoresis experiments using crude SUT-66 against its
homologous antigerum and the ammonium sulfate fractions of 64~2 showed that

a single line was formed in each instance, the character of the line being
the same as that seem in SUT-1961.

homologous

Further experiments, using sea urchin protein from S. pu tus, shoved
that antiserum produced against the 100% ag fraction of ISUT(6€-2 ] cross-s °
reacted with the S. pumpuratus protein.

i AR M NS kAl Y AL h SABEVR s  bon i13 hEao) V enbit .
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V. BIOCHEMICAL

On the basis of the preceding pharmacologicael work it was inferred
that several subatances were released in addition to histamine. On the basis
of the results given in Table IX it was suspected that serotonin as well as
a dialyzable kinin might be released.

& test of the ability of sea urchin toxin to act as an enzyme was
made with beef serum, bovine serum albumin, and bovine y-globulin as
substrates. Although positive reactions were obtained with the dialyzates
obtained from the beef serum system, the other two substrates yielded no
active dialyzable material. Tests were next made to determine whether
the behavior of the syatem was normal with respect tc the influence of
substrate concentration on velocity by estimating first order time-courses
for each category of substrate concentration. The results given in Table X
show that the first order velocity constants form a sigmoidal curve .gainst
concentration.

The existeuce of a sigmoidal function in that regard suggested that
the reagents were probabiy both impure. Since plasma kinins - bradykinin
in particular - are formed from the enzymaric attack of the enzyme upon
a2 -globulins 4t was considered useful to test several plasma fractions
containing varying concentrations of a; and R-globulins. Cohn Fractions
IIT~0 and IV-1 were obtained through the courtesy of Mr. Kingdon Lou of
the Hyland Laboratories in Los Angeles. They were extracted with saline,
centrifuged, and adjusted to a protein conceantration of 5 mg/ml.

Separate ampoules of the material were frozen and thawed only once before
experimental use. Fraction I1I-0 contained 5% a=-globulin and 84% B~globulin
vwhile Fraction IV-1 contained 89% e-globulin and 10% f-globulin.

Comparative experiments were first made to determine the substrate
potencies of 1I1I-0, 1IV-1 and normal beef serum at 2 enzyme concentrations
of [SUT(64-2) 65 as]. Tests were made on the guinea pig ileum and rat
uterus. In gemeral more Bradykinin-like activity was elaborated by Fraction
III1-0 than by PFraction IV-1, with respect to the guinea pig's ileum although
it was sbout the same for rat uterus (Table XI),

The effect of enzyme concentration on kinin production by the attack
of SUT 65 a8 on I11-0 was studied with respect to the activities of guinea
pig ileum and rat uterus. The results given in Table XII show that SUT
is a wmuch more effective enzyme for a substrate in the mixture which is
effective on guinea pig fleum. The effect of varying the substrate
concentration (III~0) is shown in Table XIII.

A comparison was next made between III-0 and IV-1 at such substrate
énd enzyme concentration at which the respective reactions would be maximal
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Finally, the two impure substrate preparations were tested in such
a way that there was a coastant amount of ay- and f-globulin, by adjusting
the concentration with respect to cthe percentage composition of the two
individuals, as given earlier. Table XV shows that when B-globulin was
constant the same amount of kinin was produced with respect to guirea pig
ileum. In the case of the rat uterus none was produced by Fraction III,
leading to the conclusion that B-globulin is not & substrate for the production
of the "rat" kinin but is useful in the production of "guilnea - .g" kinin.
When a was constaut more activity was evident in both cases but it was
greater for both assays in the case of 1II-0 which had a higher a content.

VI. PHYSIOLOGICAL

Active Transport

The effect of the most active fraction of purified sea urchin toxin
[SUT(64-2) 65 as) on the sodium pump was tested on the toad (Bufo marinug)
urinary bladder. The bladder was mounted as a diaphragm in the Useing
apparatus, and the transmembrane and the short cir~uit currents were

meagured before and after the addition of the toxin. To date the following
points have been established:

1. The addition of toxin to the serogssl side of the membrane
results in an immediate drop in both the transmembrane potential
and the short circuit current. The magnitude of the drop is
approximately the same in both cases, 1.e. about 50%. The effect
is traznsient with recovery occurring within 10 to 20 minutes.

2. Addition of the toxin to the mucosal surface has no effect.

3. This effect can be abolished by heat-denaturation of the toxin
(1 hr. at 55°C)

This effect is not potentiated by preincubation of the toxin
with normal rabbit serum.

e Al 8 P 1l O . S S o L M 1R

Thie effect is not due to the release of acetylcholine, serotonin,

or histamine. These drugs, when tested on the urinary bladder,
did not have a noticeable effect.
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TABLE 1

Yield of Nop-Dialvsgble Material Duriog Fiyst and Second Extractions

Volume Net Weight Total First Yield
Category ml 8 (less phosphate)
8
Non-dialyzable 1lst BExtract 225 0.964 1.11
material 2nd Extract 200 0.476
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TABLE II

Summary of Characterization of Sea Urchin Toxin Preparstion Collsction of

s September, 1966.
Final Ydelde
Total Per Specimen
Total Specimens 1050
Totsl organic material 2.950 g 2,77 mg
Non dialyzable matter 1.200 g l.14 g
Dialyzable matter 1.705 g 1.62 mg
CHARACTERIZATION
Non-dialyzable Dialyzable
Ritrogen
Total N (per mg) 0.66 0.07 :
Precipitable N (per mg) 0.0456 none :
Spectrophotometry }
Peaks 278 270 278 320 E
0D/mg.m1"} 2.14 0.460 1.70 '
Ultracentrifugation %
| S,0 2.2 1.5 none §
g |
; Biocassay %
LDso 0.151 ug/sgm 400 ug/g l
Guinea pig gut 1,60 x 10”3 mg/ml 0.50 mg/ml ‘
Guinea pig heart 1.70 x 10" 3 mg/m1 0.23 mg/ml i
Rat uterus not doge 0.20 mg/ml i

. N
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TABLE 1II

- Sephadex Practionation of Crude Ses Urchis Joxin

. Pedicellariae
(vol, = 19.5 ml) !

Deionized 820 (60 ml)
[Repeat 2X) Homogenize, 5 min.
Centrifuge, 15 min., 10,000 g :

st

Prgé;g;gngg Suge:natdnt {325 wl)
! 100X saturated mmaovnium sulfate

| :
Dried Centrifuge, 15 min. i
10,000 g. i
1.4147 g r 1 \ L
Pre tate . Supe ant :
0.25 M NaCl Discard
Dialysia, 0.25 M NaCl
72 hrs.
Centrifuge, 15 min.,
10,000 g
| 1
Precipitate Supernatant (50 ml) ;
Discard Sephadex G-200 :
0.25 M NaCl

(25 ml./column) x 2

Practions comprising each pesk combined from two :
runs. Material from each peak precipitated out with solid
ammonium sulfate. Each precipitate taken up in

0.25 M NaCl, Peaks I and II dialyzed against saline-
phosphate buffer. u = 0.01, pH - 7,00. Peek III

against Deionized HZO 72 hr. 1in each case.

a Freeze dried.
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TABLE IV

Properties of Sephadex Fractioms of Crudg Sea Urchin Toxip

Weight

LDsq/wg

O0D2¢0
1 mg/ml

ODzgp
1 mg/ml

Starting
Material 1.42

Pr.

Fr.

Pr.

1
11

I1I

0.106
0.072

0.036

333
<0.0025
735

not tested

0.42

0.69

e
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£ TABLE V
] Material Balance of S. purpuratus Test Proteins
- . Precipitated with Ammonium Sulfate
Fraction Total Protein Percentile Distribution Sedimentation ;
SAS (Z) Precipitated of Protein Precipitated Congtants :
wg ¢9) 850 :
*
0 900 3, 21, 36
25 76.0 15.38
! 33 97.0 19.64
b 50 154.5 31.28
67 61.0 12.35 3, 12, 23, 35
75 50.4 10.20 2, 25
100 55.0 11.40 5
Total Recnviry 439.9 mg

Per Cent Recovery 35%

*
Starting Material i

WIS e

NP R

R R
»
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TABLE VI

Effect of Ammonium Sulfate Fractjonation on Pharmacological Potency of

N Sea Urchin Toxin Assayed on Guinea Pig Ileum
!
% Preparation No. of t Histamine Median Effective LDgg
' Tissues SUT Conc. Equivalent Dose of SUT (mg N)
(mg N/ml) (moles/l) (mg N/ml)
SUT(64 ) 2 1.86 x 10% 2.0x 107 6.8x 10" 2,06 x 107¢
2 3.71 x 10% 2.4 x 1077
2 7.42 x 10°% 3.6 x 1077
2 1.49 x 100 ¥ 6.4 x 1077
2 2.98 x 10 3 8.0 x 1077
SUT(64)33 as 2 8.78 x 10°% 3.0x 108 1.5 x 103 No toxicity :
3 1.94 x 1003 1.3 x 1077 f
2 2.91 x 1073 1,5 x 1077 ;
4 3.54 x 1073 1.8 x 1077 ;
SUT(64)65 as 2 1.89 x 100" 8.0 x 1008 7.4 x 107" 3.5 x 10 ¢
2 3.76 x 1004 1.8 x 1077
2 7.73 x 10°% 2,0 x 1077
2 1.55 x 1072 2.8 x 1077
2 2.34x 1073 3.0 x 1077
3 3.89 x 103 3.9 x 1077

*
as: % saturation of ammonium sulfate

t SUT: Sea Urchin Toxin i

a

== i o 5 omzi e e ae friem e == T ey 2= oo = iy 7 _—
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TABLE VII
*
Efiect of Toxin Concentration on the Release of Histamine
From Guinea Pig Gut
o+
Sea Urchin Toxin Histamine'
. (ug/mg) E
(mg N/ml) Dry Tissue E
2.68 x 1074 1.10 x 1073 P
5.40 x 10 * 2.51 x 10 3
1.36 x 1078 3.18 x 1073
2.68 x 1072 3.64 x 1073 }
*
Sea Urchin Toxin [SUT(61)-C-64].
¥ Quantity released after incubation for 60 min at 37°C, ;
estimated chemically.
i
i
! :
|
- !
%
. i j
[
i
i
o ]
1
!
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' TABLE VIII

Effect of Temperature on Histemins Released From Guineg Pig Lung by Sea

*
Urchin Toxin

¥

Temperature Histamine Relecase

*c) ug/mg

wet tissue

10 3.29
21 38
30 4.67
37 6.87

x 1075
x 10 5
x 1073

x 10 S

*
incubarid with sea urchin
(4.90 x 10 3 mg N) for 20

7 Chemical estimstionm

toxin [SUT(64)]
min.

WTIPTRMIN

I
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TABLE 1IX

Comparativeg Blockade of Dialyrable Kinin and Known Drugs With
Various Antagonists

Conc. of Blocking Initia)l Reaction Reaction After ¥ Block
Test Agent (%2 of maximum) Blocking Agent .
Compound Type ng/ml
Dialyzable Atropine 0.714 29 26.60 8.0
Kinin
1.21 mg/ml
puz” 0.114 35 26.00 25.00
*
oL 0.086 29 7.00] 73.00
" 21 7.50 64.50
35 18.00 50.00
Rk
¢B2 1.00 30 0 100,00
Bradykinin PBRZ 0.114 50 50.00 0.00
5.71 x 10" 6 BOL 0.086 42 0.00 100.00
mg /ml (148)
Serotonin PBZ 0.114 48 52.00 0.00
6x 107 BOL 0.0857 46 0.00 100.00
(148)
*

PBZ Pyribenzamine

BOL(148) dibromolysergic acid
Nk

¢BZ Phenylbutazone
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TABLE X

Effect of Substrate Concentration on Velocity of Formation of Dialyzable
Kinin in the Presence of Sea Urchin Toxin (SUT[64-1], 2/3 SAS) at 37°C

[yre———T LR LT

_ Sea Urchin Substrate First Order 1/[8] 1/%
P Toxin, mg/ml Velocity Constants
ok mg/ml k
[ min !
0.584 0.1547 0.022 6.46 44.84
" 0.1858 0.343 5.38 20.15 "
n 0.1981 0.469 5.05 21.32
" 0.2170 0.60 4.61 16.72
¢ " 0.3095 1.14 3.23 8.80

Concentrations expressed as mg protein/ml

5D SRS A MY o SISO YT S SR LOIMUBANS LR
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TABLE XI

Agtivity of Substrates I1J-0 and 1V-0 for the Enzvme SUI(64=2)

53 a8

Biological Assay of the Proteins

ENZYME GUINEA 2IG ILEUM RAT UTERUS
Subs:rate Substrate SUT(64~2)65 a8 Bradykinia Histamine Bradykinin

Conc. ug/ml (mg/m2) (/L (mg /ml)

1.2 protein/ml

11I-0 0.40 0.40 1.05 x 1074 5.0 x 1077 1.11 x 10° S :
111~0 0.40 0.20 7.30 x 10~ S 4.0x 107 7.8 x 10 § :
Iv-1 0.40 0.40 6.35 x 10 S 2.8 x 1077 1.14 x 10”3
-1 0.40 0.20 5.33 x 105 2.50 x 10" 7 1.00 x 10~ 5
Beef (1:10] 0.40 2.83 x 1075 1.73 x 1077 4,83 x 1078
Serun 0.20 9.3 x 1076 5.78 x 1078 0.00 |

Incubation Period: 20 minutes

Temperature: 37°c

Inactivated: 56°C for 30 minutes
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TABLE XII

Effect of Enzyme Concentration on Kinin Production from Substrate 1II-0
(Temp. 37°C, 20 min. inc.) SUT 65 as

AL ORI R DN, S O TR (TR 1 - mnmmmmmm“ p
’

Substrate IX1-0 SUT(64-2) 65 as BK* (mg/ml) BK mg/ml
mg /ol G.P. Ileum Rat Uterusg
: 0.40 0.080 4.5 x 1075 5.0 x 1076
¥
v 6.200 7.66 x 10”3 9.50 x 10 8
2 " 0.280 9.10 x 16~ S 1.02 x 1075
i - -
3 " 0.400 1.05 x 10°% 1.16 x 1673
i " C.719 1.22 x 1074 1.30 x 1075
¢ " 0.861 1.29 x 1074 1.40 x 1075
3 :
% H
E * :

Assayed as Bradykinin
Inactivated before dialysis at S5€°C for 30 minutes i

BK - Bradykinin

ot TV TR S TN I S N, 65711 o dglcin i,
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TABIE XIII

Effect of Substrate Concentration on Kinin Formation

SUT(64-2) 65 as {s] 111-0 Incubation Time Bradykinin
(mg N/ml) (mg Protein/ml) (seconds) (mg/ml)

(x 10 3)
2.96 x 10" 2 0.100 15 6.64
30 7.11
60 8.88
150 9.10
300 9.40
600 10.00
1200 12.30
2.96 x 10”2 0.200 15 7.60
30 8.00
60 9.40
150 10.00
300 11.85
600 12.50
1200 11.60
2.96 x 10~ 2 0.400 15 9.00
30 9.25
60 10.00
150 11.25
300 12.00
600 13.20
1200 13.60

Temperature 37°C, Inactivati.a 56°C for 30 minutes

oo ., g T s s is o —rem e o 5

vt rr———— e
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. TABLE X1V

Comparison of Substrate Specificities of Cohn Fractions I11-0 and IV-1

——— ————— S——i . R et St

Pl LR SN EEAN G, o b e 2 T Tt LR TR

e e o st s inttg]

SUT(64-2)65 as (s] Incubation Bradykinin
ng N/ml (mg Protein/ml) Time Equivalent
(x 10°3)

T R 1 LA Rt

s P L W

i
¥
v
¥
.
.
H

o

P ) -

1.27 x 10 2 0.200 (I11-0) 15
10

60

150

300

600

1200

1.27 x 10 2 0.2060 (IV-1) 15

600
1200

e

G0~ 0D DN
ARV EY R PR

Temperature of Inrubation 37°C
Inactivation at 56°C for 30 wminutes

s e kbl st s 1.

e et e e bl M




Experimental Preparation Concentration BK equivalent BK equivalent §
G.P. Ileum "Rat Uterus
Substrate Enzyme
8 globulin B8 = 0.04 ) i} _ 2
constant 1v-1 2.96x102 1.0x 10" 2,73 x 10§ £
: 10% a = 0.36 i
3
E g
g = 0.06 .
111-0 1.1 x 107" 0.00
: a = 0.003 ;
]
: a globulin 8 = 0.0024 - _ _ g
. constant Iv-1 2.96 x 1072 6.04 x 1075 2.13 x 10°® 3
5% a = 0,021 i
; 8 = 0.336 - _ i
: 111-0 1.15 x 10 Y 1.02 x 10°°
a = 0.021
Lot
.
. 5
]
{_ —
i -
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TABLE XV

Comparison of “he Specificitieg of Praction JI1I-O gnd IV-1 as Substrates Tested

at Constant a-Globulin and §-Globulin Conteung
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APPENDIX

Invegtigations on Dialyzable Toxin From Hawaiie: Sea Urchin

R. N. Gourley and W. A. Bonner

A sample was obtained from Professor George A. Feigen of the Physiology
Department. There were 0.9C g of dialyzable material (A) and also 0.95 g of
material, (B), which was dialyzable but contained 55% of phosphate salts.

Preliminary Analysis of (4)

Found: C, 11.4; H, 2.4; N, 4.0; Ash 41.62

s LT

ot
a

Solubility of (4)

The material was not soluble in benzene, ether, methylene chloride, tetrahydrofuvar,
acetone, methanol or ethanol. It was almost completely soluble in water.

A
.

LR A

Thin Layer Chromatcgraphy of (4) ’ g:
Adsorbent - Silica gel GF;sy

The material was dissolved in a iittle aqueous ethanol. The spot (detected wit:. iy
iodine vapor or ninhydrin spray) did not move when eluted with pentene, bengen
or ether. A 30% methanol - 70% ether mixture caused a very slight movement. -
was found that with the following solvent systems a single spot appeared abu.-
half-way between the origin and the solvent front. .

23

(1) n-butanol -  Acetic Acid Water Acetone AR -
8 2 2 ) 3 z%g
(2) Chloroform = Methanol =-17% NHa 7
4 4 2 'ﬁ
: 8
3) Ethanol -  Water L
7 3

When detected with ninhydrin, the spot was a bright pink color after the
reaction with ninhydrin had taken place. This is a common method for detecting
amino-acids and peptides. The above solvent systems are also used for T.L.C. on
these compounds. Faint traces of material were observed both a'iov. rrd Helow
the very strong spot. ’

AL @ Ly

Infra-red spectrum of (4) ehowed strong bands of 1650 and 11. ¢ > and a very
broad band at 3200 cm }
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Preparative T.L.C.

146 mg of (A) were dissolved in aqueous ethsnol and prep TLC performed.
Adsorbent - silica gel GF,g4; developer 70% EtOH - 30% Hp0

solvent

{ Eront ? W

Dark pink
(ninhydrin)

» asfrazzing the silica gel with aqueous ethanol and evaporating the filtrates
vrr.za~ ‘roon temperature evacuated dessicator) 76 mg of a gummy solid was

This jave a small ash on burning on a glass rod in a flame. It was

¢ thou the material conteined some silica gel extracted along with the

. ¢ovrion. A blank extraction of the silica gel gave 3.5 mg of solid.
A% pressnt e are repeating the preparative T.L.C. on cellulose and hope that

{3 urii by subsequent extraction of the material with aqueous ethanol to
1 3 sasple pure enough for analysis.
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INTRODUCTION

In a previous communication Meyers (1) had shown that the dislyzable
material prepared from crude extracts of ragweed pollen was capable of inhibiting
a variety of immunologic reactions of rabbit antisera prepared against the whole
extract. The object of the present report is to present evidence that the crude
antisera ae well as y-globulin fractions of such antisera can confer pasgsive
sensitivity upon intestinal and csardiac tissues of normal guinea pigs, and that
the anaphylactic responge to the whole antigen can be quantitatively inhibited if
the dialyzable hapten is added to the system at a suitable iuterval before the
tissues are challenged with the whole antigen

MATERIALS

Apcigens: The antigens and haptens used in the jimmunization of rabbits
as well as for challeuge of sensitized tissues were prepared according to the
methods described in another report (1). The particular antigens used in the
present studies were preparations II, III, IV, V, and VI, all of which were
obtained frow cdefatted ragweed pollen. Preparations II and IIl were extracted
in distilled water pH 5.0. Antigen IV was extracted with a dilute salt
solution and the solution maintained at about neutrality, with stirring, by
the addition of dilute NaOH. The material in the dialysate was obtained by
precipitation with ethanol. Antigen V was extracted in 0.15 M phosphate buffer
pH 10.8 and antigen VI was prepared iu 0.15 M phosphate buffer at pE 7.6,
Nefatted short ragweed pollen was extracted for at least 24 hr im the above
mentioned buffers or in distilled water. The imsoluble portion was removed
by filtration or centrifugation and the filtrate (the antigenic, non~dialyzable
material) was placed in Visking bags and dialyzed against distilled water at
2°C for several 24 hour periods. The dialysates from each preparation were

pooled and concentrated by pervaporation or lyophilization tc give Hapten
Preparations I1II, V, and VI.

Antigera: Antisera against the several antigens were prepared by injecting
rabbits with aqueous extracts of defatted, non-dialyzable preparations.
Antibody A was prepared from a pool of antisers from rabbits receiving 0.3 to
0.6 ml of 10 mg/ml of antigen intramuscularly in each hind leg. After a 10 day
rest period, a course of seven to nine intravenous injections was given in
which each animal received 0.5 to 1.0 ml doses of antigen at four-day intervals.
Rabbits were bled 7 days after the last injection. 1If booster injections were
required, 1.0 ml was given intravenously twice weekly for three weeks. The
y-globulin fraction was obtained by repeated precipitation in the presence of
1/3-saturated ammonium sulfate. Antibody E was prepared by immunizing rabbit
No. 750 with 10.5 mg of a non-dialyzable ragweed pollen preparation, RW III.
The total dose was dissolved in 3.0 ml and 1.5 ml aliquots were injected,
intramuscularly, into each hind leg. The rabbit rested +hree months and then
0.5 ml (3.5 mg/ml) was injected intravenously twice weekly for three weeks.
The rabbit was bled seven days after the last injection. The antibody
concentrations of the two preparations used in these exper
at optimum proportions Ly the usual quantitative precipiti
the pooled y-globulin preparation, contained 1.3 mg
rrotein and antibody B, a crude antiserum, contai
protein against the non~dialyzable Fraction IV.
capable of sensitizing tanned e
anaphylaxisg.

iments were estimated
n tests. Antibody A,
of apecifically precipitable
ned 2.30 mg of precipitable
These preparations were shown
rythrocytes and producing passive cutaneous

[ T TSN S IR




METHODS ~30-

Gut

Preparation of Tissue: Normal male guinea pigs, ranging in weight betwean
350 and 500 g were killed by & blow to the base of the skull. The guts were
delivered into warmed Tyrode's, (2) flugshed, transferred through several portions
of warmed Tyrode's, and then stored in the refrigerator for 2 hours. At the
end of the storage period the lower third of each intestine was cut into 3-cm
stripa; the tissues of all donors were combined into one pocl and randomly
asgorted into bundles consisting of 4 stiips each. The bundles of tissue were
stored at room temperature in oxygenated Tyrode's for 60 min.

Sensitization gf Tissue: At the completion of the last storage maneuver
the tissues were transferred intvo a sintered glase filter tube of 60 ml
capacity containing 35 ml of antibody solution prepared by diluting appropriate
quantities of crude dialyzed antisera or the partially purified y-globulin
fraction with Tyrode's. Tissue bundles, removed after various periods of
incubation, were washed by passage through three 30 ml portions of Tyrode's
at 20°C, the lumens flushed with warm Tyrode's, and the strips positioned in
4-ml Schultz-Dale baths. Muscle contractions in response to antigens or to
histamine were iecorded either isometrically, by means of Statham G~7A strain
gauges, or igotunically, by means of the usual kymographic method.

Challenge: All tissues were maintained in oxygenated Tyrode's solution
at 37.5°C during challenge and all test antigens and haptens were made up in
Tyrode's soluticon. The doses and concentrations of antigens used for challenge
varied with the preparation and with the requirements of the experiment. In
any case, the volume of antigen solution introduced into the muscle bath never
excceded 0.4 ml, the final bath volume being maintained at a constant level of
4.0 ml by the removal of Tyrode's equal in volume to the dcse of antigen which
was to be added. The anaphylactic reaction was allowed to develop for 10
ninutes, after which the tath was flushed out and the tissue rechallenged
with the game dose of antigen to confirm desensitization.

Sensitization: Each tissue was washed and then standardized with various
doses of histemine. Calibration curves were constructed for each strip, as
previously described by Feigen et al. (3, 4). The experimental results are
expressed in equivalent histamine concentrations obtained by plotting the per

cent of maximel response attained by each strip as a function of the histamine
concentration present in the bath.

Heart

Preparation of Tigsue: Pigs welghing between 250 and 300 g were heparinizad

(1 mg/100 g) and then killed by & blow to the base of the skull. The thoracic
cage was opened and the ascending aorta wes cannulated. The vena cava was
transsected ond the heart fed warmed Chenoweth's solution until the muscle and
chambers had ecen cleared of blood. The cannulated heart was removed from the
carcass and attached to the standpipe of an Anderson Heart Perfusion apparatus.
A thread was passed through the apex of the heart in such a way that one strand
could be connected to a transducer while the other waa weighted with a 1.0 g

ioad. The heart was perfused with Chenoweth's solution (5) for about 20 min while

several control estimates were made of the rate, amplitude, and minute perfusion
volume.

Seneitizatipon and Challerpe: Sensitiration of the isolated heart was
accomplished by pessing 25 ml of Chenoweth's solution containing the desired
aatibody concentraticn through the coronary circuit. The effluent was collected

i
H
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and reinstilled until the total volume perfused in this way was 75 ml. The
organ was next 'cleared' of excess antibody by the passage of 25 uml of antibody-
free Chenoweth's solution, after wvhich it was challenged by the instillation
of 25 ml of an antigen solution made up to a concentration of 0.216 mg/ml.
Records of the mechanical performance were made with the aid of a strain gauge
and samples of the coronary effluent were collected at 30 sec intervals in
graduated centrifuge tubes.

Estimation of nistamine: The samples of effluent at -20°C for the
subsequent bioassay for histamine according to the methods previously
described (6). At the end of the test the lieart was removed, the aorta trimmed
away, and the organ dried to a constant weight at 105°C. The tabulated histamine
determinations and coronary flow values were normalized by dividing the raw
experimental results by the dry weight of the heart.

RESULTS

Since one of the aims of the present study was to provide a quantitative
estimate of the degree of inhibition by various hapten preparaticns it was
necessary to establish the limits of antibody dilution within which the extent
of the reaction could be quantitatively varied and also to arrive at a practical
time of incubation for the performance of the determinations.

Limiting Dilution of Antibody

lleal tissues of 3 guinea pigs were removed and prepared for incubation as
described undet the aprrorriate section of "Methods'". Sever randomly assorted
bundles of tissue were separately incubated for 1 - 3 hr wis'i various _
concentrations of dialyzed antiragweed serum B, ranging between 2.3 x 10 4
to 6.0 x 10° 2 ng/ml of specifically precipitable antibody protein. After
incubation and washing each strip ir a given bundie was tested with 0.216 mg/ml
of nondialyzable antigen IV. All the guts tested reacted to that concentration
of antigen after three hours of incubation. Typical Schultz-Dale reactions
cbtained after a 3-hour incubation with 2.3 x 10 2 mg/ml of antibody and a
l-hour incubation with 2.3 x 10 “ mg/ml of antibody are exhibited in Fig. 1.
The reactions were maximal for all concentrations tested. Tissues
sensitized with the higher concentrations of antibody showed & constant latent
period of about 10 sec, the contractions developing rapidly and persiscing
throughout several washings. In contrast, the guts incubated in the presence
of 2.3 x 10 * mg/ml of antibody relaxed immediately after challenge. On the
basis of these results a 1:10000 dilution of the antiserum B i.e. 2.3 x 10 mg
of the antibody/ml, was selected as a standard concentration of antibody for
the determination of the time-course of sensitization.

Time-Course

The time course of sensitization was studied by incubating portions of -
normal guinea pig ileunm for 60, 120, and 180 min in the presence of 2.30 x 10 *
mg/ml of antibody B and, for comparative purposes, in the presence of a pooled

v-globulin preparation which contained 1.31 mg/wml of specifically precipitable
antibody/ml.

Table 1 shows in both cases that the magnitude of sensitization increases
with time of incubation and, in two instances, appears to approach a limiting
value after 3 hr. Although a couparison between the two antibody systems is
not strictly valid since the test antigens used were not from the same
Preparation it 1s quite obvious from Fig. 2, that antibody B produced a

v ——— 3 o
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comparable degree of responsiveness in g concentration several orders of
magnitude lower than antibody A.

Effect of Aptigen Concentrgtion

Bundles of normal guinea pig {leum were sensitized by a three hour
incubation fa the presence of 3.74 x 1C ¢ mg/ml of pooled antiragweed
y-globul: pool "A", washed, and positioned in the 4-ml muscle chambers
accoruing to tl. general method. The sensitized tissues were then scparately
challenged !n the presence of four concentrations of non-dialyzable antigen V
ranging from 0.20 to 0.84 ag/ml in final concentration. In two separate
instances hapten V was added to a final concentration of 5 and € mg/ml
15 min preceding challenge witi: 0.2% and 0.£4 mg/ml of antigen respectively.

Tre resits given In Tabie II show that the response of the sensitized
tlceaes to wncreacing autigen co..ertration 1s described by a steeply risingé
alro. & linear, funztion such that a 3>-£v)." increase in response (from 2 x 10
£o I % £277 M histar’ne equiiclents) vcour, for a elightly greater than 4-fold
increare - sntigen coacentration. Additionally, these results demonstrate
that the expicied reaction tc 0.29 and 0.84 mg/ml of test antigen can be
blockes by i$ and &ul respectively, in the presence of appropriate concentrations
of hapten sdded 15 min before challenge.

Effect of Hepten Concentration

Six é-cm portions of normal guinea plg ileum were incubated for 3 hr at
37°C with 3.74 x 10°2 mg/ml of antiragweed y~zlobulin-Pool A. They were then
washed, and cut into 2-cm strips which were positioned and standardized with
higtamine according to the general technicue. Following standardization
with histamine appropriate quantities of hapten IIT were added to the bath as
follows: 1.25, 1.43, and 2.56 mg/ml in Experiment I and 3.33, 5.00, and 8.00
mg/ml in Experiment II. Fifteen minutes later each tissue was challenped,
in the presence of hapten, with 0.15 mg/ml of antigen III. The degrees of
block were calculated with reference to the reactions given by hapten-free
controls which were 1.2 x 10 7 and 2.2 x 10 ’/ M equivalent histamine concen-
trations in the first and second experiments, respectively,

The data given in Table III show that although inhibition definitely does
depend on the hapten concentration present during challenge, the function rising
steeply between 0 and 3.33 mg/ml of hapten, it appeatrs to reach a plateau of
50% inhibition at hapten concentrations ahove 3.33 mg/ml. The effect of hapten
on the change in the functional response of the tisgsue to challenge is
illustrated by the records presented in Fig. 3. The set of kymograph records
given in Fig. 3 illustrates that the concentration of antigan used for the
initial challenge was sufficient to produce desensitization of the hapten-free
control and that the presence of the allergen did not decrease the seansitivity
0f the tissue to histamine. Secondly, the presence of hipten (in the amounts
used) evoked neither nonepecific nor specific reactions. Pinally, the
inhibitory effect of hapten is seen to be manifested both as a delay in onset

and & decline in velocity of contraction, as well as in the reduction of the
final magnitude of the response.
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Inhibitory Power of Hapten on Degree of Sensitizetion

The effect of hapten on the reaction of sensitized tissues to challenge
by specific antigens was tested by varying the hapten coucentration when the
incubation time was constant, and by determining the degree of inhibition at a
constant hapten concentration when the incubation time was variable, i.e.
before sensitization had become maximal.

The tissues were prepared according to the general methods given earlier.
They were sensitized in the presence of 2.3 x 10 * mg Ab B/ml for 1, 2, or
3 hr and then challenged with 0.212 mg/ml of non-dialyzable test antigen VI
in the presence or absence of various hapten concentrations, as given in
Table IV. In these experiments the degree of block was calculated with
reference to the control.

The results given in Table IV show clearly that at a constant degree of
gensitization the degree of block attainable varies with the hapten
concentration present in the bath before the tissues are challenged with a
constant doge of test antigen. In the present case the inhibition ranged from
172 in the presence of 0.012 mg hapten N/ml to 59Z in the presence of 0.028 mg
hapten. N/ml, Similarly, if the degree of sensitization were varied by
different periods of incubation, the degree of block achieved by a constant
hapten concentration (0.038 mg hapten N/ml) was seen to decrease from 100%,
when the incubation time was 1 hr, to 50% at 3 hr when the tissue had
presumably approached a meximal degree of sensitization.

Apparently the union of antibody with hapten is a firm one as repeated
challenge of hapten-treated styips with the specific allergen failed to
elicit & complete response in tests conducted after 30, 60, and 90 min of
tepeated challenge and washing cycles.

Effects on the Heart

In the present experiment six normal hearts were sengitized 77 vitro by
the method of coronary perfusion described in the sppropriate gsection under
“Methods”. The concentrations of antibody B used renged from 2 x 10 5 to
2.3x 1073 mg/ml as specifically precipitable antibody pzotein. After the
subsequent "clearing' maneuver, cach heart was challenged with 25 ml of antigen
IV, given ir a final concentration of 0.216 mg/nl. Samples of the effiuent
were taken before challenge and then at 30 second intervals after challenge,
for a period of 4.5 min. Table V, which gives the unit coronary flows and
histsmine release values, shows that the reduction in the perfusion volume
evoked by challenge was generally greater in those hearts which received the
higher antibody concentrations, although the degree of reduction was not
strictly proportional to concentration. The time-courses of histamine release,
given in Teble V, and iliustrated in Fig. 4, show that the output of
histamine by the heart i3 a very rapid process, reachlng a peak between 1
and 2 min after challenge, and that both the maximal amount of histamine

produced and the rate of its release decline as the antibody concentration is
reduced.

The quantitative dependence of the intensit
concentration is illustrated in F{,.
against the concentration of antibody
ctuive shows that the response tz the

y of the reaction npon antibody

3 by a plot of the total histamine released
used in the sensitization maneuver. The
Present antiragweed preparation is easily
measurable over two orders nf magnitude of antibody concentration and that the
lowest concentration of antibody used in these experiments, 2 x 10 5 og/ml,

18 by no means at the threshold of detection.
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DISCUSSION

Studies of quantitative tissue anaphylaxis are corumonly besed ei;her :pon
the variation in strength of immunological reagents necessary to pro ucesuCh
constant endpoint, or upon the variation in output of a humorel agen:, e
as histamine, which is assumed to be released quantally (6) by certa nl a gar
cells. Thus when the sensitized tissue is challenged in an optimal molecu
ratio (7) the amount of humoral agent liberated becomes an indirect measure
of the number of cells to which one of the specific reagents is fixed in a .
critical way. Although the indicator system may accurately reflect the number
of successful combinations, the reaction system itself is a variable of the
reagents used and of the conditions employed for sensitization and challenge.

Given a set of constant preadsorption conditions the velocity of the
sensitization reaction, hence its outcome at a given time, 1s predictable
from the antibody concentration (8, 9, 10), the smbient temperature and
the time of exposure to antibody. At a constant degree of seneitization the
magnitude of the reaction will also vary with the concentration, purity, and
specificity of the antigen.

The effect of the nature of the antibody preparatiou upon the magnitude
and time course of sensitization is illustrated quite clearly by comparing che
quantities of histamine releascd after sensitization with antiragweed
preparations A and B. Although the crude antiserum, preparation B, contained
initially about twice as much specifically precipitable antiragweed, it
produced a somewhat greater degree and velocity of sensitization at an
antibody concentration about 2 orders of mangitude lower than that obtained
vith the partially purified y-globulin preparation, suggesting that fractionation
might have removed or inactivated a species of molecule of greater sensitizing
capacity or that the test antigen contained a great deal of material that was

inert - or {inhibitory - to the anaphylactic rcsponse but not to the precipitation
reaction.

A direct test of the effect of varying the type of antigen is afforded by
comparing the results of experiment 2 with those of experiment 3 in Table I.
In both cases the tissues had been sensitized with the same concentration of
antibody B but had been challenged in the one case with antigen IV, and in the
other with antigen VI in approximately equal concentrations. The results, as
illustrated in Fig. 1, show that the rate and magnitude of sensitization appear
to be greater when viewed with respect to antigen VI than when estimated with
respect to antigen IV. The data show that although the onset of sensitivity
in response to antigen VI was somewhat slower than to preparation IV, initially,
the function appeared to accelerate in the latter case after 2 hr while 4in
the former case it evidently had begun to reach a plateau in that interval.

Although a given quantum of pharmacological response by no means implies
an invarient depree of sensitization if the frame of reference is altered,
histamine release cen be successfully employed to measure the effectivencss of
hapten inhibition elther as a function of hepten concentration or as a function
of the degree of sensitization, providecd that the nature of immunological
reagents 1is not varied. Ir the present studies the inhibitory effects of haptens
have been shown in both ways. The results cbtained at constant sensitization
conditions with Antibody A and antigen III show that inhibition tends to become
independent of hapten concentration at a final plateau of 50%. The explanation
for that may lie in the fact that the crude antigen produces antibodies against
a variety of determinants besides those having specificity for the haptenic
group. In the case of preparation 1V tissues sensitized with antibody B showed
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no such limit. The reason for this is not entirely clear - assuming that each
antibody pool was composed of a mix: ure of sensitizing and non-sensitizing
hapten-specific antibodies, both of which could compete for attachment to the
number of cell receptors available, it is evident that the antibody preparation
having the higher retio of sensitizing antibodies wquld b the one showing a
greater sensitizing power. Since the total number of antibodies required to
produce a given degree of sensitization would be much lowar in the case of
antibody B, hapten inhibition would be nuch more effective as fewer of the
hapten molecules would be sequestered by the anaphylactically inert antibodies.

If the degree of gensitization depends upon the number of ''strongly"
adsorbed antibody molecules which are c¢ritically attached to the histamine
releasing cells, and if that value increases with sensitization time, as
suggested frou the results of King and Francis (7), it follows that the
degree of inhibition by a comstant, but limiting, concentration of hapten
should be progressively reduced as the sensitizatior time is prclenged. The
results obtained in Tnable IV when tissues incubated for 1, 2, ard 3 hr were
treated with 0.038 mg N/ml of hapten VI prior to chillenze with non-dialyzable
antigen support this view. Since the reaction betuecen antigen and antibody
required to trigger ihe anaphylactic reecponse is assumed to occur at a constant

ratio of unity, it follows that the degree of hapten inhibition is an indirect
measure of the number of fixed antibodizs reacting.

The heart is a remarksbly seusitive test organ for quantitative experiments
dealing withk anaphylaxis by passive transfer. The amount of antibody adsorbed
per unit weight of ticsue and the degree of scusitization have been shown to
be dependent ir a simple way upon the antibodyv concentraticn in the perfusion
fluid. (11). Both fuuctions attain a corstart value after a single passage of
antibody through the corona:iy circuit thus obsiating delay owing to diffusion,
which 1s characteristic of wmerely soahiing tissves in antibody solutions. The
amount of histamine released by tl.o heart {s among the greatest of all target
tissues studied (12), wost of it coming from the atrium which has a high total
content and a large anaphylactically releascble fraction. The histaminase
activity of guinea pig heart is virtually nil (13). Since the methods of
chemical estimation are sensitive at least to 10 & M histanine even weak
anaphylactic responses can be quartitatively estimateod with the degree of
precision of the wusual flucremetrie techniques. Furthertore, sinze the overall

pattern of response of the guinea pig hezrt involves an increase 1in rate,

amplitude, and 2 reduction of coconary flow there i3 available a wide range
of reliable parameters by means of which anaphylexis may be detected even when

the amount of histamine released irto the efflvent falls below the level of
reliable analyais.

SUMMARY

(1) Passive sensitization of isclated normal guinea pig heart muscle
with two different preparations of rabbit antiragweed serum failed to show a
correlation between precipirating antibody and ability to sensitize.

(2) The dialyzable, small mclecular weight fraction obtaired from aqueous
extracts of ragweed pollen inhibitzd the araphylactic reactien when challenge
was made with a nondlalyzable fraction.
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TABLE I

Effect of Incubation Time ou Reaction of In vitro Semsitized Guinea
Pig Ileun to Non-Dialyzable Fractions of Antigen

System Sengitization Challenge
.t-
Antibody Antigen (AE]+mg/ml Time fAG] mg/ml Histamine
(min) Equivalent
moles/liter
(x 1077)
A Allergen 3.764 x 1072 60 1.33 0.36
11
" 120 1.33 1.60
" 180 1.33 2.10
ek -
B Allergen 2.36 x 10°% 60 0.216 2.72
Iv
" 120 0.216 5.55
" 180 0.216 7.20
k& -
B Allergen 2.36 x 10 ¢ 60 0.212 1.47
VI
" 120 0.212 4.50
" 180 0.212 15.00
*
A Antibody A was a pooled antiragweed y~-globulin which contained 1.31 mg
precipitable antibedy protein/ml.
ek
Antibody B was a crude rabbit antiserum which centained 2.30 mg of
precipitable antibody protein/ml.
1-

Antigen and antibody concentrations are final concentrations in the
bath.
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' E TABLE I1
4 Effect of Varying Antigen and Hapten Concentrations on Response of In Vitro
. Sensitized Gut
Sensitization Challenge Inhibition %Z Block
: Conditions Antigen V Histamine Hapten V Histamine
i (mg/ml) Equivalent (wg/ml) Equivalent
: moles/liter  (x 1078) moles/liter
(x 1078) (x 10°9)
H i
|
Antibody A 0.200 2.0
3.74 x 1072 0.250 2.8 3
ng/wl for 0.29%0 3.0 5.00 2,50 16
3 hours 0.842 10.00 8.00 4.00 60
i
* |
: .
5 3
|
i
\ \
] i
5 :
i
i
: ]
] 3
1
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TABLE III

Effect of Varying Concentration of Hapten III on Reaction of Sensitized Gut to
Constant Concentration of Antigen III

reriment Sensitization Inhibition Challenge ’ % Blocke
No. ‘Conditions N with resp
Hapten III-2 Incubation ‘Antigen III-2 Histamine to contr
(mg/ml) Time with (mg/ml1) Equivalent
Hapten Moles.liter !
(mins)
I. 3.74 x 10" 2 0.00 15 0.15 1.20 x 107 0
mg/ml _
Antibody A 1.25 " 0.15 9.00 x 10 8 25.0i
for 3 hours _
1.43 " 0.15 8.60 x 10 8 28.3
2.86 " 0.15 8.80 x 10 8 26.¢
<2 -
1I. 3.74 x 10 0.00 " 0.15 2.20 x 10 7 ]
mg/ml -
Antibody A 3.33 " 0.15 1.14 x 107 48.2
for 3 hours -
5.00 " 0.15 1.15 x 10 7 47.7
9.00 20 0.15 1.13 x 107 48.6

Added 15 minutes before challenge with antigen
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TABLE IV

Effect of Varying Sensitizetion Tiwe and Hapten Concentration on Respcnse

0f Gut to Artigen VI

*
Xperimental Sensitization Category Hapten VI Antigen VI

Response %Z Block
Condition Time (mg N/ml) (mg/ml) Hist. Equiv. With respect
Antibody B (uin) (moles.litethl) to contrel
436 x 104 (x 10 7)
Jug/ml) Control Test
@pten Conc. 180 Contrel 0 0.212 5.30 5.30 0
S%riable " Hapten 0.012 " " 4.39 17.2
" " 0.019 " i 3.65 31.0
" " 0.028 " " 2.17 59.0
scubation Control  0.000 "
‘fme: Variable 60 1.47 ¢ 100.00
Hapten 0.038 "
Control 0.000 "
120 4.50 1.57 65.20
lapten M3¢8 "
Control 0.000 "
180 15.00 6.72 56.00
"

Hapten 0.03&

*
Harten added 15 minutes preceding challenge with antigen

wuan

aanwon
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TABLE V

Protocol of Anaphylactic Reactions of Guinea Pilg Hearts Sensitized
In Vitro With Various Concentrations of Rabbit Anti-ragweed Serum B

Antigen - RW IV
(0.216 ng/ml)

vvibody B Dry Heart Collection Coronary Flow X of Control Histamine
(mg/ml) Veight Time (ml/g/min) Flovw Released
(g) (sec) Moles/g/dxy tissue

2.3x 1075 0.1677 60 24.00" 100.00 0.00
30 24,80 100.00 0.75
" 29.80 124.00 2.23
" 24.00 100.00 2.79
. 21.50 89.58 3.57
" 20.27 84.45 4.35
" 22.65 94,38 3.37
" 20,27 84.45 3.03
" 24.00 100.00 2.65
" 20,27 84.45 2.60

4.6 x 105 0.1332 60 30.8" 100.00 0.00
30 22.5 73.10 4,17
" 19.5 63.30 5.21
" 24.0 77.90 11.87
' 16.5 ~53.60 8.28
" 24.0 77.90 8.14
‘" 22.5 73.10 7.12
" 21.0 68.20 6.22
" 21.0 68.20 4.13
" 19.5 63.30 3.08
' 18.0 58.40

1.15 x 10°Y 0.1269 60 2&.6* 100.00 0.00
30 17.3 70.20 3.15
" 23.6 96.00 3.78
" 20.5 84.00 9.93
" 18.9 77.50 13.34
" 18.9 77.50 9.25
" 20.5. 84.00 8.59
" 20.5 84.00 4.96
" 18.9 77.50 4.90
" 19.7 80.70 4.14
. 18.9 77.50
v 22.1 90.60

x
Control

|

i A SR A, ML PO IR

Rl LI s i e o b A R O 1L A 4 4.

AR o) R s il o

S B o




N A T

o —

- 42 -

TABLE V (continued)

:ibody B Dry Heart Collection Coronary Flow % of Control Histamine
‘mg/ml) Weight Time (ml/g/min) Flow Released
(g) (sec) Moles/g/dry tissue

5 x107%  0.1511 60 33a’ 100.00 0.00
30 29.8 90.30 0.46
B 23.16 70.20 4.80
v 2€.16 80.130 17.78
" 19.20 60.30 20.13
" 11.91 36.10 9.78
" 16.60 32.10 7.07
" 10.60 32.10 3.49
" 12.20 40.00 2.09
" 19.96C 60.30 1.68
" 21.20 64.20
" 19,90 60. 30

3%x 107" 0.1517 60 42.80" 100.00 0.00
30 33.0C 76.70 1.50
" 10.50 24.40 13.20
" 11.60 27.70 21.95
" 18.50 43.00 13.91
" 19.80 46.00 6.58
" 21.10 49,10 3.60
" 23.70 55.10 3.29
" 23.70 55.10 3.18
" 22.7% 55.10 2.54

3 %1073 0.1784 60 28.00" 100.00 0.00
30 22.40 80.00 1.50
" 13.50 48,90 10.34
" 11.20 40.00 19.24
" 10,70 38.20 22.07
" 12.3C 44.00 15.81
. 13.50 48.00 8.43
" 14.60 52.00 6.22
" 22.40 80.00 4.64
" 28.00 100.00 4.52

_ . o
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Figure 1: Effect of Antibody Concentration on Response of JIn Vitro Semsitized intestinal
Strips to Whole Antigen

A. Gut strip sensitized In the presence of 2.3 x 1072 mg/ml of antiserum B
specifically precipitable antibody for 3 hours. Standardization te histamine,
as final concentrations x 1078 M 1:5.71, 2:8.56, 3:11.4, 4:17.1, 5:22.8.
Challenge and rechallenge with antigen showing desensitization to A:0.216 mg/mi
Antigen 1IV.

B. Gut strino sensit ::d in the presence of 2.3 x 10 % mg/ml of antiserum B
(as abr/c; for one hour. Standardization to histamine, as final concencrations
x 1077 M. 1:1.62, 2:2.1., 3:5.40, 4:8.1, 5.10.80. Challenge and rechallenge
show reaction and desensitization to Antigen 1V given as 0.216 mg/ml at B.
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HISTAMINE (moles/liter) x10~7
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INCUBATION TIME (minutes) |

Figure 2: Time Ccurse of Sensitization in Gut Strips as Exhibited b Various Svstens i

o) Incubation with 3.74 x 102 mg/ml of Antibody A, Challenge with i
O 1.33 mg/ml Antigen II. :

0 e) Incubation with 2.30 x 10°* mg/ml Antibod: B. Challenge with
0.216 mg/ml Antigen IV.

A Incubation with 2.30 x 10 % mg/ml of Ant<bodv B, Challamge with
A 0.216 mg/ml Antigen VI.
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Pigure 5: Inhibition of Schultz-Dale Reaction by Specific Hapten

All tigsues were sensitized by imcubation with 3.74 x 10”2 mg/ml Antibody A for.3 hours.

First Row: Control. Standardizations with histamine as shown. Positive reaction
to Antigen II1-2 followed by desensitization to same dose. Re-test with histamine,
sho-ing no decline in reactivity.

Secoad Row: Hapten III-2, 5 mg/ml added immediately after preliminary standardization.
No reaction to hapten alone. Reactiion to Antigen in presence of hapten is of decreased
wmagnitude and velocity with respect to contvol.

Third Row: Hapten ITI-2, 8 mg/ml. This set shows very weak response to Antigen ILI-2 in
the presence of hapten. Sensitivity to histamine not impaired by inhibition and
challenge procedures.
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Concentrations of Antibody B and Challenged with & Constant Dose of

Antigen IV
Antibody B:
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one of the substrates is as-globulin.
ANAPHYLAXIS

Ragweed: Rabbit anti-ragweed conferred passive sensitivity on cardiac and
intestinal tissues of the guinea pig. The degree of sensitization was shown to
depend on the [AB] in the bulk phase. For a constant degree of sensitization
the response to the whole antigen was quantitatively inhibited by a dialyzable
ragweed hapten. Penicillin: Positive anaphylactic reactions were obtained to
penicilloy! poly-lysine in isolated guinea pig tissues passively sensitized
with rabbit antibodies. The reaction could be quantitatively blcocked by
caminocaproic acid and by the penicilloyl derivative of the condensation product
between DAB (1, 4-diamincbutane) and fluorescein isothyocyanate. Fc Fragments:
Quantitative reversed passive sensitization with Fc fragments of rabbit
y—globulin was demonstrated.
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Tetanus Toxin, non-spasmogenic factor, properties

Sea lrchin Toxin, preparation, purification,

eazymatic properties

Streptolysin, cardiotoxic actionm, acetylcholine

release

Ragweed Antibodies, inhibition by natural haptens,

cardiac anaphylaxis to

FC Fragments,

reversed passive anaphylaxis
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